Oral diseases are associated with systemic diseases; such as type II diabetes, cardiovascular disease, rheumatoid arthritis (RA), and neurological diseases. Coincidentally, the oral microbiome (fluids or extracts) is readily accessible and easily sampled; therefore, serving as a diagnostic or prognostic tool for health status. The oral microbiome is a useful research model for studying fundamental questions of the human microbiome. In this narrative literature review, we examine the characteristics of oral microorganisms, the relationship between oral microorganisms and human diseases, and the important role of oral microorganisms in disease prevention. Also, we illustrate the usefulness of sampling the oral microbiome in developing the diagnosis and prognostic treatment strategies for oral and systemic diseases to accelerate their clinical application. Selective saliva biomarkers and microbiome can serve for useful indices to oral diseases and systemic diseases, and as a model research tool, the oral cavity has many uses in the clinical and research environment. The relationships between oral health and systemic diseases are quite profound, and future research will illuminate opportunities for fruitful preventative measures and therapeutics.
limitations of available data sources, the economic impact of dental diseases in 2015 amounted to $544. 41 billion, of which $356.80 billion were due to direct treatment costs and $187.61 billion due to productivity losses. In recent years, with further microbiological research, the association of oral microorganisms and several major chronic diseases has been confirmed, including digestive system disease, cardiovascular disease, cancers, preterm birth, diabetes, rheumatoid arthritis, nervous system diseases, etc. [4] . Therefore, further study of oral microbiome is of great significance to promote the health of all people for social and economic development.
The human oral microbiome is the most studied human microflora because it is easily sampled and is intensely associated with important oral infectious diseases and systemic disease. The National Individual Microbial Group Test Project, launched by the United States Government in 2015 (https://commonfund.nih.gov/hmp/programhighlights), used oral, skin, and intestinal microbial communities as the main monitoring tools. The objective of the project is to transform the research findings from human microbiology to clinical application and to search for more accurate molecular markers for disease the diagnosis from the oral microbiome. Also, the oral cavity microbiome is an important gateway for communication between microbes in the external environment and the human body. Oral microbiology research will be an important area of study between environmental microbiology and human microbiology.
Characteristics of the Oral Microbiome and Its Influencing Factors

Complex Species
The Human Oral Microbiome Database (HOMD) contains a total of 619 described and curated human oral taxa. Of these, 151 taxa have at least one genomic sequence and annotation available, and an additional 65 have a genome-sequencing project in progress [6] . The complexity of human oral microbiota is far beyond the range of species included in HOMD. Researchers found 318 genera of oral microbes covering 22 taxonomic phyla [7] . Assemblage the sequences in operational taxonomic units (6%) yielded 3621 and 6888 species-level phyllo types in saliva and plaque, respectively.
Multi-Level and Multi-Site Distribution
The oral cavity contains both exfoliated surface (mucous membrane), non-exfoliated solid surface (tooth surface and denture surface), and flowing saliva. All oral microbiome show a high degree of niche specificity among sample locations. For example, there are significant differences in the composition of dental plaque, mucosal flora, and saliva flora. The microorganism richness of dental plaque colonization is the highest, saliva is second, and buccal mucosa is the lowest [8] .
Soft tissues, saliva, and tongue were more often colonized by cariogenic streptococcal species than teeth. In a comparative analysis made on the microorganism 
Age and Replacement Pressure of Dentition
Research looking at neonates' skin, oral mucosal, and nasopharyngeal aspirate, sampled < 5 min, and meconium sampled < 24 h, after delivery, used multiplexed 16S rRNA gene pyrosequencing to characterize bacterial communities from mothers and their newborn babies. The results also display that vaginally delivered infants attained bacterial communities approximating their own mother's vaginal microbiota, controlled by Lactobacillus, Prevotella, or Sneathia spp., and C-section infants harbored bacterial communities comparable to those found on the skin surface, subjugated by Staphylococcus, Corynebacterium, and Propionibacterium spp. Moreover, in contrast to their mothers, the newborns protected bacterial communities that were, in essence, undifferentiated across the skin, oral, nasopharyngeal, and gut habitats irrespective of delivery mode [11] . This illustrates that the time and process of microbial differentiation in different parts of the body are worthy of further study.
Structure of oral microbiota can differ substantially among distinct age groups.
Evidence has recently arisen that changes in the human microbiota continue throughout the human life cycle. The growth of the oral microbiota involved profound alterations in diversity and composition that took place not merely over the first three postnatal years, but also in different stages (i.e., infants without teeth, preschool children with deciduous teeth, children with mixed teeth, adolescents with permanent teeth, and adults with permanent teeth). In older individuals, Proteobacteria was the dominant bacteria in deciduous dentition. In the mixed dentition and permanent dentition, the bacteriosis was dominated by
Bacteroidetes. The abundance of Bacteroides Veillonella, Spirochaetes, and TM7
gradually increase with age [12] . Others [13] compared the oral microbial composition in different age groups from three days to 76 years. It was found that salivary microorganisms in permanent dentition (adolescence) was dominated by Phylum Firmicutes and that in deciduous dentition and permanent dentition (adult), Proteobacteria was the dominant bacteria, while Clostridium Prazmowski was more abundant in mixed dentition and permanent dentition (old age). Dental plaque and mucosal flora also showed changes with age and dentition replacement, suggesting that there is a change in microbial groups with age. 
Individual Differences
Studies have shown that marked differences exist in the composition of biofilms from person to person and from one type of intra-oral location to another and within the same individual. The saliva samples of 120 healthy people from 12 countries and regions were analyzed by one laboratory [14] and the results showed that there is significantly more variation among sequences from different individuals than among sequences from the same individual, but there is not significantly more variation among individuals from different locations than among individuals from the same location. Therefore, differences in the composition of genera among individuals are not structured by geography.
Internal Relative Stability
In the same individual, the differences at different times in oral microorganism groups were significantly lower than those in the intestinal tract, skin, and so on [15] . One research group [16] analyzed the saliva samples of healthy individuals at three different points in time in 29 days. It was found that the saliva microorganism group remained stable within five days, suggesting that the oral microorganism group had relative stability in a short period.
Relationship between Oral Microorganism and Human Disease
Oral Microbiome and Oral Infection Diseases
Oral infections are some of the most mutual diseases in humans. They mainly include caries, gingivitis, periodontitis, periapical periodontitis, and other infections of soft tissue. The majority of oral infectious diseases are non-specific infections, which is the result of oral microbes working together. According to statistic findings derived from studies, caries and periodontal disease are the two most common oral infections [17] .
Dental caries (tooth decay) remains the most widespread chronic disease in both children and adults, even though it is largely preventable. Dental caries forms through a complex interaction over time between acid-producing bacteria and fermentable carbohydrate, and many host factors, including teeth and saliva.
During the development of dental caries, the composition, structure, and function of oral microflora were significantly changed, and the distribution of various bacteria in the population of dental caries is significantly different from that of healthy populations.
Dental caries is the greatest common chronic disease of childhood and is the In one study, oral microbiota in 50 four-year-old children was tracked for two years. Before the clinical symptoms of early childhood caries appeared, the diversity of oral microbial α and β increased significantly [10] . The composition of oral microorganisms is similar to that of dental caries patients, while it is different from that of healthy persons. Results showed that microbial Indicators of caries when de-trended for age, can predict the occurrence of dental caries for children.
The co-occurrence between oral floras of adult caries patients is significantly different from that of non-caries patients. Plaque microbiota structure exhibited a continuous gradient along with the first principal component, reflecting the transition from healthy to diseased states, which correlated with Mazza Gingival Index [18] . In the process of gingivitis, the transition of the microbiota was not a discrete process, but rather gradient-like and the degree of change is closely related to clinical symptoms. Furthermore, this change is reproduced whenever the same gingivitis occurs repeatedly. Therefore, plaque microbiota may provide advantages in predictive modeling of oral diseases [18] .
Periapical periodontitis is an infectious disease occurring on the tooth periapical tissue, and it is the result of the interaction between the microbial community and the host immune response. With the development of gingivitis, the dominant bacteria in subgingival plaque gradually shift from Streptococcus to Actinomycetes, Capnocytophaga, Campylobacter, Eikenella, Fusobacterium, and Prevotella [19] .
Besides, significant differences in the microbial functional gene structure were observed between healthy controls and periodontitis patients. The metabolic gene expression of individual species was also highly variable between patients.
Other oral diseases, such as periapical periodontitis [20] [21], halitosis [22] , oral lichen planus [23] [24], also showed significant differences in oral microbial composition compared with healthy people. The dominant bacteria found in the tongue dorsum of patients within extraoral halitosis include Solobacteriummoorei, Atopobiumparvulum, and Eubacterium sulci. The major pathogenic factor of periapical periodontitis is microbial colonization in the root canal system. 
Oral Microbiome and Systemic Diseases
In 1891, W. Miller published his theory on focal infection, indicating that microorganisms and/or their products can contact parts of the body adjacent to or distant from the mouth [25] . Subsequently, Dr. F. Billings speculated that infected teeth and tonsils could be considered responsible for several focal infec- [26] . The followers of this concept assume that microorganisms of dental plaque and their metabolic products may enter the bloodstream and result in many systemic and sometimes degenerative conditions.
In recent years, with the introduction and development of the concept of "periodontal medicine", it is generally agreed on that oral status is connected with systemic health, because poor oral health may occur concomitantly with more serious underlying diseases and/or it may predispose to other systemic diseases.
Moreover, increasing evidence has supported that many systemic diseases are associated with disturbances in the oral ecosystem, such as diabetes, cardiovascular disease, preterm birth, and tumors rheumatoid arthritis (RA).
Digestive System Disease
Helicobacter pylori (H. pylori) is a member of the oral microorganisms. Excluding the stomach, H. pylori in the oral cavity are found mostly in dental plaque. 
Oral Cancer
It is found that there are specific microorganisms on the surface of cancerous Food and Nutrition Sciences tissues in oral cancer, and their composition is significantly different from that of normal mucosal microbes. Increasing evidence has indicated a role for oral microbiota in Oral squamous cell carcinoma (OSCC) through direct metabolism of carcinogens and inflammatory effects [37] . Others [37] found that oral cancer subjects had elevated counts of C. gingivalis, P. melaninogenica, and S. mitis in saliva related to OSCC-free individuals. These three bacteria were used as diagnostic markers. About 80% of oral squamous cell carcinoma can be diagnosed, so three kinds of bacteria have potential value as a diagnostic index of oral squamous cell carcinoma. Also, oral microorganisms may be involved in the development of distant organ tumors or affected by distant organ tumors. As an example, pancreatic cancer, the proportion of Granulicatella adiacens and S. mitis in salivary microorganism group was significantly lesser than that in healthy subjects [38] .
Cardiovascular Diseases
Cardiovascular disease (CVD), involves multiple diseases with high mortality and includes all the diseases of the heart and circulation system including coronary heart disease, angina, heart attack, congenital heart disease, and stroke.
There is now significant epidemiological evidence for an association of oral infections, particularly periodontitis and incident atherosclerotic CVD, which show that periodontitis is an important risk factor for the development of cardiovascular disease [39] . Anaeroglobus, closely related to periodontitis, can invade and colonize atherosclerotic plaques in patients [40] . In addition, Aggregatibater actinomycetemcomitans, Fusobacterium nucleatum, Campylobacter rectus, and Tannerella forsythia can be detected in almost all atherosclerotic plaques. Inflammation in the periodontium is proposed to increase the systemic inflammatory level of the host, which may influence plaque composition and rupture. A mechanism involving oral bacteria translocating into the bloodstream through inflamed gums has been proposed to affect atherogenesis. The overall microbial structure was similar in the normal population and atherosclerosis patients, but patients with indicative atherosclerosis had a higher relative abundance of Anaeroglobus than the normal population. Fak and coworkers [41] also found that Parvimonas associated positively with uCRP, Capnocytophaga, and Lactobacillus associated with blood lipid. In conclusion, the large quantity of Anaeroglobusin the oral cavity could be associated with symptomatic atherosclerosis [40] [42] [43] . The distribution of Fusobacterium, Streptococcus, and Neisseri is even associated with risk signals of the disease, such as total cholesterol and HDL. Bacteria associated with periodontosis may stimulate the production of inflammatory factors such as TNFα, IL-1 β, IL-6 by destroying body immunity, causing related inflammation and vascular endothelial damage, and promoting the formation of atherosclerotic plaques.
Diabetes Mellitus
Diabetes mellitus (DM) is a metabolic disease categorized by hyperglycemia due four-fold increased risk of periodontitis, which is regarded as the sixth complication of DM [44] . It is generally thought that there is a bidirectional relationship between DM and periodontitis: Inflammatory mediators could negatively affect glycemic control, and increased glucose levels and resultant glycation end-products may alter the host response against bacterial infection [45] . The oral microbial community, as the initiating factor of periodontitis, is one of the causes of periodontal inflammation. In patients with periodontitis, complex interactions occur between oral microbes and the immune system, resulting in persistent chronic inflammation, and some oral microbes can also affect blood circulation. A large number of studies have shown that diabetes is associated with periodontitis: periodontitis leads to an increase in systemic inflammatory factors, increases in oxidative stress levels, and affects insulin sensitivity and blood glucose metabolism. Inflammation induced by periodontal microbe infection is probably one of the mechanisms that promote the development of DM.
Some studies have shown that significant differences were observed in subgingival microbiota between diabetic and nondiabetic subjects. Compared with non-diabetic patients, subjects with diabetes and chronic periodontitis presented significant dissimilarities in subgingival biodiversity. Some phylotypes, such as Fusobacterium nucleatum, Veillonella parvula, V. dispar, and Eikenella corrodens, were noticed significantly more frequently in diabetic subjects than in nondiabetic subjects [46] .
Preterm Birth
Preterm birth (PTB) is the second major direct cause of deaths in children younger than five years of age [47] . Risk of PTB is multifactorial, with intrauterine infection a major initiating factor. The composition of the placental microbial community of a preterm fetus and full-term fetus is different, which suggests that there may be an association between the placental microbial community and premature delivery. Researchers [48] analyzed 761 women delivering before the term of which 349 (46%) presented with an intra-uterine infection.
Bacteria belonging to a total of five phyla and 16 orders were found in the intra-uterine microbiota of the 349 pregnant women with intra-amniotic fluid.
These detected microorganisms include not only reproductive tract pathogens but also respiratory pathogens and common oral microbes. There is an indication to support the hypothesis that bacterial infections at the orinasal cavity and the respiratory tract may be important reasons of preterm labor probably through the activation of abnormal inflammatory responses within the uterus and intrauterine tissues. The composition of the placental microbial community is most similar to that of oral microorganisms, compared with that of vaginal, intestinal, and respiratory sites [49] .Confirmed by animal experiments, the microorganism samples of human saliva and subgingival plaque were injected into to an increased risk of preterm delivery [51] . More research is needed to determine the causative relationship between PTB and adverse microbiome interactions.
Rheumatoid Arthritis
Rheumatoid arthritis (RA) is an autoimmune disease in which the body's immune system mistakenly attacks the joints. Several studies show that many similarities exist in the epidemiology and immunopathogenesis of periodontitis and RA, but the associations between their respective disease activities and severities are still uncertain. A prior investigation showed that the prevalence of the periodontal disease among individuals with RA was higher than the normal group.
There are significant ecological disorders in oral microorganism in patients with RA [50] . This significant association between periodontitis and RA may be a reflection of a common underlying dysregulation of the inflammatory response in these individuals. Porphyromonas gingivitis and Actinobacillusactinomycetemcomitans can promote the progression of RA by their virulence factors [52] .
Alzheimer's Disease
Alzheimer's disease (AD), also denoted to only as Alzheimer's, is a chronic neurodegenerative disease described by impairment of memory and finally by disturbances in reasoning, planning, language, and perception. It is the cause of 60% -70% of cases of dementia and usually starts slowly and worsens over time.
As early as the 1990s, one group of researchers [53] suggested that oral microbes are closely related to the occurrence of AD. Researches, who used molecular and immunological techniques determined that oral Treponema may infect the brain via branches of the trigeminal nerve [54] .The results strongly support a link between adverse oral bacteria and Alzheimer. Oral bacteria and their released endotoxin may activate microglia after invading the brain, leading to the discharge of pro-inflammatory cytokines such as TNF-α and IL-1. Therefore, exposure of brain tissue to high concentrations of TNF-α and IL-1 for a long time can make it easier for bacteria or endotoxin to infiltrate brain tissue and aggravate the clinical symptoms of the disease [55] .
The Role of the Oral Microbiome in Disease Prediction
As an entrance to the digestive system, the oral cavity is a transportation hub As an example, traditional measures for dental caries risk assessment include oral bacteria count (e.g., Streptococcus mutans count and salivary Lactobacillus count), saliva biochemical analysis (saliva velocity, pH value, buffer capacity detection), past and previous dental caries, as well as personal oral hygiene (e.g., visible plaque levels), behavior (e.g., brushing habits), diet habits (e.g., sugar intake) or socioeconomic level, etc. [56] . Such methods can predict the occurrence of early caries in children with an accuracy rate of 81%, and can effectively help doctors to carry out clinical intervention before the onset of the disease, to achieve the purpose of early prevention and early diagnosis [11] .
At the same time, by monitoring the structural and functional changes of plaque flora during the stay-healthy mode, the caries-onset mode, and the caries-progression mode, a new method for the diagnosis of the severity of oral infection based on microorganisms was proposed, named "bacterial index of gingivitis, MiG". Compared with traditional methods, MiG was considered an objective, sensitive, and patient-friendly detection measure of gingivitis diagnosis [18] .
In addition, changes in microbial composition are expected to reflect long-term outcomes. Proper cleaning of teeth and the use of mouthwash are routine clinical management in patients with gingivitis. Supragingival scaling [59] , the brush-alone treatment, and the brush-plus-rinse treatment can relieve the clinical symptoms of the patients and achieve the goal of curing the disease by pushing All of the three anti-gingivitis treatments may have distinguishable impacts on plaque microbiota, which could generate distinct "microbial signatures" for the treatment regimens. Dental scaling is widely measured as the most effective anti-gingivitis treatment for the most broad-spectrum and significant changes in plaque microbiota. However, for the brush-alone treatment, only the abundance of three oral taxa (Actinobaculum, TM7, and Leptotrichia) was significantly reduced [59] .
Thus it can be seen; different treatments lead to not only a distinct temporal pattern of microbial composition changes during the reversal of gingivitis, but also the alteration of structural and functional consequences of oral microbiota.
The results can reflect the dynamic changes of microflora in each treatment process and then predict the long-term clinical effect and guide the doctor to adjust the treatment plan to achieve the best clinical efficacy.
Also, the oral microbial community of patients with RA was significantly different from that of healthy persons [52] . This ecological disorder could be re- with a wide-spectrum antimicrobial peptide domain. In the current study, they concentrated on achieving the targeted killing of Streptococcus mutans, a cavity-causing bacterium that exists in a multispecies microbial community (dental plaque). Each STAMP consists of a nonspecific bactericidal module and a target binding module for a specific strain. Its working principle is that the target binding module binds the pathogen specifically and then kills the bacteria by the germicidal module connected with it. They also discovered that STAMPs constructed with peptides derived from competence-stimulating peptide (CSP) were strong against S. mutans grown in liquid or biofilm situations but did not affect additional oral streptococci tested [60] . The STAMPs presented here are clever of eliminating S. mutans from multispecies biofilms without affecting closely re- 
Saliva Biomarkers
Usually, an individual can produce between 1 to 1.5 liters of saliva each day [74] .
Collection of saliva is noninvasive, requires little to no training offering an appealing alternative to blood and serum extraction. Historically, systemic biomarkers in health correlate well between saliva and blood in diagnosis, e.g. HIV Food and Nutrition Sciences [75] , hepatitis [76] , oral cancer [77] , periodontal disease [78] [79], and obesity [80] . The use of saliva is an increasing part of research with implications for basic and clinical purpose as a diagnostic armamentarium and an investigative tool for disease processes and disorders. Oxidative stress has been implicated in oral and systemic diseases. The use of monitoring oxidative stress biomarkers for diagnostic purposes is extremely attractive and actively being researched [81] . The usefulness of monitoring vitamin C and biomarkers of oxidative stress levels in subjects involved with exercise performance has recently been demonstrated [82] . However, there are limitations where saliva is not always the best specimen to represent systemic concentrations, e.g., amylase, phosphate and some proteomes [83] [84].
Oral and Gut Microbiomes
Microbial populations of the mouth and the gut are predictive of each other [84] .
Although microbiomes of the oral cavity and gut are not the same, the changes in the gut are reflected in the oral microbiome [85] [86] . Regarding the composition of the microbiome, at the phylum level, the same phyla were reported as disturbed in saliva and fecal bacteria but differed in their order of abundance.
Therefore, the implications are principles based on gut microbial description likely can apply to saliva. This has resulted in an upsurge of research interest in microbial fingerprints in saliva in various diseases. Systemic dysbiosis or pathologies associated with changes in the oral microbiome include irritable bowel diseases, colitis, celiac disease, obesity, leukemia, arthritis, and atherosclerosis [86] . Also, slight alterations in the oral microbiome could have systemic effects [85] [87]- [92] . Examples include; endothelial function, systemic inflammation, and glycemic control [93] [94].
Best Practices in Using Saliva for Studying Biomarkers
Saliva can be collected either under resting (unstimulated) or stimulated situations. Resting saliva is collected by draining the drool, spitting, using suction, or swabbing the mouth. For stimulation, subjects chew paraffin or have a dilute solution of citric acid applied to the tongue (0.1 to 0.2 mol/L). Collection accessories for saliva should be sterile and appropriate steps taken to prevent cross-contamination.
A disadvantage for using saliva is biomarkers may be at low concentrations, 100-to 1000 fold-lower compared to blood or plasma. Although traditional technological techniques are useful, such as ultra-concentration centrifugation, high-performance liquid chromatography, the postgenomic era provides opportunities for simple and parallel approaches to genomics and proteomics.
Conclusion
The oral microorganism group is the window of oral diseases and reflects gut microbiome and systemic diseases. Saliva is easy and noninvasive to collect and potentially an attractive fluid for a diagnostic and prognostic specimen. Community compositions are uniform across the gut and oral environment and seen by characteristic interspecies interaction among healthy subjects [95] . Also, microbiome composition at the phylum level is reported to be similar across the gut and oral microbiome; however, descending in their order of abundance [94] .
As a model research system or as a surrogate to the gut microbiome, specimen from the oral cavity microbiome have many characteristics and advantages as noted in this review. Relationships between oral health and systemic diseases are quite profound, and future research about such relationships likely will be rewarding. The future of microbiome research is still early. The aim of future research should promote the application of microbiology in the field of stomatology by integrating information from medical technology, genome technology, and human microbial genome technology. Likewise, developing an understanding of the mechanistic underpinnings and the efficacy of microbes is yet to be revealed.
